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Eye development in Drosophila involves the Notch signaling pathway at several consecutive steps. At first, Notch signaling
s required for stable expression of the proneural gene atonal (ato), thereby maintaining neural potential of the cells. Second,
n a process of lateral inhibition, Notch signaling is necessary to confine neural commitment to individual photoreceptor
ounder cells. Later on, the successive addition of cells to maturing ommatidia is under Notch control. In contrast to
revious assumptions, the recessive Notch allele split (Nspl) involves specifically loss of the early proneural Notch activity
in the eye, which is in agreement with bristle defects as well. As a result, fewer cells gain neural potential and fewer
ommatidia are founded. Enhancement of this phenotype by the dominant mutation Enhancer of split [E(spl)D] happens
within the remaining proneural cells, in which Ato expression is abolished. In line with genetic data, this process occurs
primarily at the protein level due to altered protein–protein interactions between the aberrant E(spl)D and proneural
roteins. Nspl is the first Notch mutation known to specifically affect Notch inductive processes during eye
development. © 1999 Academic Press



















The compound eyes of Drosophila consist of about 800
mmatidia which are assembled progressively from neural
hotoreceptor and nonneural accessory cells in a stereo-
yped manner (Dickson and Hafen, 1993; Wolff and Ready,
993). At late larval stage, a morphogenetic furrow sweeps
cross the eye imaginal disc, so that cells behind the furrow
an take part in the ommatidial assembly. The assembly
elies on successive cell–cell communications which in-
olve the Notch signaling pathway at several steps (Baker et
l., 1996; Baker and Yu, 1997). The founder cell of each
mmatidium is the R8 photoreceptor cell which is selected
hrough a Notch-dependent process of lateral specification
rom so-called “intermediate groups” of cells. Cells in front
f the morphogenetic furrow gain neural competence
hrough the activity of the proneural gene atonal (ato), and
igh levels of Ato protein are required for the maintenance
f neural fate. Such high levels of Ato expression depend on1 To whom correspondence should be addressed. Fax: xx49-711-
459 2211. E-mail: preiss@uni-hohenheim.de.
406n early, inductive Notch signal, because neural develop-
ent is completely abolished in the absence of Notch.
pparently, Notch signaling is involved in switching Ato
xpression into an autoregulatory feedback loop within the
ntermediate-group cells. Without Notch, Ato expression
emains low, the cells fail to gain competence for the R8
ell fate, and no ommatidia are formed (Baker et al., 1996;
aker and Yu, 1997). During the second step, the process of
ateral specification, Notch target genes of the Enhancer of
plit [E(spl)] complex, which themselves encode bHLH
ranscriptional repressors, are transcribed. These proteins,
ound to the corepressor Gro, subsequently inhibit proneu-
al gene activity in all but the presumptive R8 cell to allow
or a different cell fate (Artavanis-Tsakonas et al., 1995;
aker et al., 1996; Fisher and Caudy, 1998). Thus, Notch
as a dual role in promoting and repressing proneural
ctivity before and during the selection of neural precursor
ells (Baker and Yu, 1997).
A recessive Notch mutation named split (Nspl) has
slightly smaller eyes with irregularly spaced ommatidia,
and some of the mechanosensory bristles are lost or dupli-
cated (Cagan and Ready, 1989; Lindsley and Zimm, 1992).
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407Enhancement of split Involves Proneural ActivityThe eye phenotype is a consequence of the failure to
generate sufficient numbers of regularly spaced R8 founder
cells at the morphogenetic furrow. The mutation is caused
by a single amino acid replacement in the extracellular
domain of the Notch receptor which results in a tissue-
specific alteration of Notch activity (Hartley et al., 1987;
aker et al., 1990; Campos-Ortega and Knust, 1990). It is
considered to render the Notch receptor hyperactive, al-
though the genetic data are somewhat conflicting (Baker et
al., 1990; Lindsley and Zimm, 1992; Brennan et al., 1997).
The eye phenotype of Nspl is specifically enhanced by a
nique dominant allele of E(spl) which originally led to the
identification of the locus (Welshons, 1956; Lindsley and
Zimm, 1992). In the combination of Nspl with E(spl)D, even
fewer ommatidia are formed and an increase in cell death is
observed (Cagan and Ready, 1989; Campos-Ortega and
Knust, 1990). Since cell death is a typical consequence of a
failure of normal ommatidial assembly, both mutants could
act at the same level during R8 specification. The E(spl)D
allele is homozygous viable without apparent phenotype
(Campos-Ortega and Knust, 1990). The molecular basis of
the mutation is a small deletion in the m8 bHLH transcrip-
tion unit (m8*), which results in a stabilization of the
transcripts and a truncation of the C-terminus of the
mutant protein M8* (Kla¨mbt et al., 1989; Tietze et al.,
1992). Since also other E(spl) bHLH proteins can be trans-
formed into enhancers of Nspl by swapping the normal with
he mutant protein C-terminus, the altered protein struc-
ure seems to be the primary cause of the enhancement of
he split eye phenotype (Nagel et al., submitted for publi-
ation). As expected from the loss of the C-terminus, the
rotein interactions with Gro are abolished (Paroush et al.,
994; Alifragis et al., 1997; Nagel et al., submitted for
ublication). Since the mutant M8* protein acts as a hyper-
ctive protein in a Nspl background despite the lack of Gro
corepressor binding, it is expected that altered protein–
protein interactions are involved in the enhancement of
split (Nagel et al., submitted for publication).
In this work we addressed the nature of the Nspl–E(spl)D
interaction. We find that Nspl behaves like a loss of Notch
ctivity with regard to proneural function in the eye,
esulting in a reduced number of intermediate groups, R8
ells, and, thus, ommatidia. In combination with E(spl)D,
failure of the Nspl receptor is enhanced dramatically because
of a stronger binding of the mutant E(spl) with the proneural
Ato protein. This hypothesis is supported by genetic data.
MATERIAL AND METHODS
Genetic Analysis
Mutant fly strains (ato3, ato5; daII134; E(spl)D, E(spl)BX22; flbIP02;
5H07, hIK93; hhIJ35, hhIIK74, hh6N16; mamIL115; S54, SIIN23; Dp(1;2) sc19; sca;
pl; wgIL114,wgIIS34) were obtained from the Tu¨bingen stock collec-
tion, from S. Artavanis-Tsakonas, and from A. Jarman; they are
described in Lindsley and Zimm (1992). Dominant effects on split
enhancement by lowering gene doses were analyzed in the female
w
H
Copyright © 1999 by Academic Press. All rightoffspring derived from a cross of males with genotype w spl/Y;
mutant allele/1 and homozygous E(spl)D virgin females at 25°C.
Expression Analysis
Transcripts were detected by in situ hybridization on whole
imaginal discs according to the protocol of de Celis et al. (1996)
using gene-specific probes. For immunostainings, pupal nota were
dissected on ice in PBS, fixed for 15 min in PBS14% paraformal-
dehyde at room temperature, and washed several times in PBT
(PBS10.1% Tween 20). Antibody incubations, followed by several
washes in PBT, were overnight at 4°C after preincubation for a
minimum of 30 min in PBT14% normal goat serum at room
temperature. Eye imaginal discs were stained as described in
Halder et al. (1998). Samples were mounted in Vectashield (Vector
Laboratories). Rabbit anti-Ato (1:5000) was a gift from A. Jarman,
rat anti-Ey (1:500) a gift from U. Walldorf, and mouse anti-Pros
(1:50) a gift from C. Doe. Rat anti-Elav 7E8A10 (1:5) and mouse
anti-Ro 62C2A8 (1:100), both developed by G. Rubin, were ob-
tained from the Developmental Studies Hybridoma Bank (main-
tained by the University of Iowa, Department of Biological Sci-
ences, Iowa City, IA 52242, under Contract NO1-HD-7-3262 from
the NICHD). Respective secondaries (1:200), coupled to DTAF or
Cy3, were purchased from The Jackson Laboratory. Pictures were
taken with Nomarski optics on a Zeiss Axiophot or on a Zeiss
Axioskop linked to a Bio-Rad MRC1024 confocal microscope and
mounted with Corel–Draw software. For scanning electron micros-
copy, specimens were dehydrated in ethanol, covered with gold,
and analyzed in a Joel JSM35 microscope.
Yeast Interaction Trap Assay
Construct pEG-M8* is described in Nagel et al. (submitted for
publication). The other fusion constructs were kindly given to us
by P. Alifragis and C. Delidakis: VP16 fused with Da, Ac, Sc, Ase,
and Gro; pJG/B42 with Ato; and pEG/LexA with Mg, Mb, and M8
(Alifragis et al., 1997). Transfection and screening of yeast cells and
iquid b-galactosidase activity assays were done according to stan-
dard protocols (Ausubel et al., 1995). Assays were done on three
independent transformants and results were sampled; the numbers
in Miller units give the ratio of OD 420 (substrate turnover) to OD
600 (cell density).
RESULTS AND DISCUSSION
The Nspl Allele Is a Loss-of-Function Mutation with
Respect to Notch Inductive Activity in the Eye
The eyes of the Nspl allele are characterized by a smaller
number of ommatidia that usually contain less than the
normal set of photoreceptor cells (Cagan and Ready, 1989).
In contrast, transient loss of Notch function in Nts1 mutants
auses multiple extra R8 cells to develop as a consequence
f a failure of lateral inhibition. Therefore, it was proposed
hat spl might encode a Notch receptor with an altered or
n increased, but not a reduced, activity (Baker et al., 1990).
ndeed, Nspl might represent a gain of function allele be-
ause it behaves dominantly after intragenic recombination
ith Ax, which is considered a hyperactive Notch receptor.
owever, genetic classification of Nspl remains difficult,




























































409Enhancement of split Involves Proneural Activitysince it is uncovered by N deletions and rescued by N gene
duplications like a classical loss-of-function mutation
(Lindsley and Zimm, 1992; Brennan et al., 1997). This
conflict might be resolved assuming that Nspl is a loss-of-
unction mutation with respect to early Notch inductive
ctivity. In this case, the expression of the target proneural
ene ato should be affected. This is indeed observed: in
omparison to the wild type, Ato accumulation is irregular
t the level of intermediate groups and a correspondingly
educed number of presumptive R8 cells are observed (Fig.
). It appears as if due to reduction of Ato expression, some
ntermediate groups from which R8 cells could be selected
ail to be established.
If this interpretation were correct than we would expect a
ikewise altered pattern of expression for the Notch target
enes which are activated in response to Notch signaling
ithin the intermediate groups in those cells that are forced
nto the nonneuronal pathway. As shown in Figs. 3C and
E, both E(spl) bHLH genes m8 and md, which are normally
expressed in all intermediate groups (compare with Fig. 3A),
show a patchy expression consistent with a reduction of
cells participating in lateral specification.
The patchy expression is in line with the idea that in Nspl
the autoregulatory feedback loop fails to be established
properly in intermediate group cells which subsequently
express Ato at lower levels. As a result, some of these cells
do not gain proneural identity and cannot serve as a
reservoir for R8 cell selection. As a direct consequence of a
reduced number of intermediate group cells, fewer R8 cells
appear and fewer ommatidia are founded, typical of the spl
mutant eye phenotype.
Bristle Defects in the Nspl Allele
The name-giving phenotype of the Nspl mutation is the
ccurrence of large twinned bristles that appear preferably
n the notum (e.g., the dorsocentrals in Fig. 2) (Lindsley and
imm, 1992). The mechanosensory bristle consists of two
xternal cells, the shaft and the socket, and two internal
ells, the neuron and the sheath cell. They arise from a
ensory organ precursor cell (SOP) which itself is singled
ut by lateral specification from a proneural cluster (Posa-
ony, 1994). Notch signaling is required at every step for
he correct cell fate specification. Loss of Notch activity
FIG. 1. Expression of Atonal protein (red) in the eye imaginal dis
n (A), Eyeless protein (green) which accumulates primarily in un
ndependent marker. In (C), the developing ommatidia are highlig
rotein is expressed in front of the morphogenetic furrow (arrow) i
ubsequently into single founder photoreceptor R8 cells (asterisk). T
f the Notch receptor which drives Ato expression into an autoregu
rom that in the E(spl)D mutant (ED). In Nspl mutants (spl), Ato expr
levels and form irregularly spaced intermediate groups, from wh
subsequent irregular spacing and reduced number of ommatidia. The com
of Ato expression, so that barely any R8 founder cell is visible, which i
Copyright © 1999 by Academic Press. All rightesults in selection of several SOPs per cluster and in the
ransformation of the SOP daughter cells from socket into
haft and sheath into neuron. Gain of Notch activity causes
he opposite phenotypes. The typical split phenotype is
herefore indicative of loss of Notch activity (Fig. 2). This
nterpretation is in agreement with the corresponding
ransformation of the internal cell types: double neurons
re frequently observed at places of the dorsocentrals (Fig.
). However, note that at other locations, especially at the
ack of the head, double sockets instead of microchaetae
re observed, which is indicative of gain of Notch activity
see, e.g., Figs. 4B–4F). Therefore, the bristle phenotypes
ive inconsistent results regarding the type of Notch muta-
ion, although at some positions they prove loss of Notch
ctivity (see also Brennan et al., 1997). In the Nspl/E(spl)D
combination the bristle phenotype is unchanged outside as
well as inside, suggesting that the mutant M8* protein has
no consequences on the SOP lineage (Fig. 2 and data not
shown).
E(spl)D Interferes with Nspl Signaling at the Step of
ateral Specification
The allele-specific interactions between Nspl and E(spl)D
are peculiar for several reasons: first, for the tissue specific-
ity, since only the eye but not the bristle phenotype is
affected. Second, in Nspl the extracellular domain of the
otch receptor is altered, while in E(spl)D the Notch target
gene m8 is mutant. Thus, a direct molecular interaction at
the protein level seems unlikely. Rather, E(spl)D potentiates
efective Nspl signaling specifically in the eye. Thus we
nalyzed whether E(spl)D interferes with Notch signaling
lso at the level of intermediate-group formation or
hether it acts during the second step of lateral specifica-
ion, the phase of normal E(spl) activity.
In agreement with the wild-type appearance of the adult
yes, proneural Ato expression in the eye imaginal discs of
(spl)D mutants is not changed from wild type (Fig. 1). From
his we conclude that the mutant M8* protein does not
nterfere with the establishment of high Ato levels within
ntermediate-group cells. In contrast, m8* transcripts accu-
ulate to a much higher level due to increase of mRNA
tability caused by the deletion (Tietze et al., 1992; Lai et
al., 1998), while expression of md appears unaltered (Fig. 3B
shown in (A–C) in the different genetic backgrounds as indicated.
rentiated cells in front of the morphogenetic furrow, is shown as
further by staining for the Rough protein (green). Proneural Ato
road band that resolves into intermediate groups (arrowhead) and
itial weak expression of Ato is reinforced by the proneural activity
ry mode. Ato expression in the wild type (WT) is indistinguishable
n is very patchy—only a smaller number of cells express high Ato







ichbination of Nspl with E(spl)D (spl;ED) results in a further reduction
s in agreement with adult eye phenotype.










































410 Nagel and Preissand data not shown). Surprisingly, despite the increased
mRNA stability, expression patterns of m8* are unchanged
FIG. 2. (A) Adult notum of a Nspl/1; E(spl)D/1 female shows
typical bristle shaft duplications of dorsocentral macrochaetae due
to a transformation of socket into shaft (arrow). This phenotype is
indistinguishable from Nspl homo- or hemizygous animals and is
ndicative of loss of Notch activity. (B) The underlying cell types
an be visualized in a pupal notum with antibodies directed against
lav detecting neuronal cells (red) and against Prospero detecting
heath cells (green). Please note the double neuron underlying a
ouble shaft (encircled), indicative of loss of Notch activity.qualitatively in either embryos or imaginal discs in E(spl)D
mutant animals (Fig. 3B and data not shown). The fact that
r
a
Copyright © 1999 by Academic Press. All righthe adult E(spl)D eyes are phenotypic wild type indicates
hat the excess of m8* RNA (and subsequently M8* pro-
ein) in those cells which normally receive the Notch signal
uring lateral specification has no negative effects on eye
orphogenesis.
The combination of both mutations Nspl plus E(spl)D
results in a strongly enhanced split eye phenotype: in the
males, the eyes form a narrow slit and develop only a couple
of ommatidia. In the females, the eyes have an appearance
of the homozygous or hemizygous Nspl condition (Fig. 4B)
Campos-Ortega and Knust, 1990). The gene expression
onsequences are exactly what would be predicted from the
utside phenotype: Ato expression is strongly reduced and
ery patchy in these eye discs and only rarely R8 cells are
ound that can contribute to an ommatidium (Fig. 1). Notch
arget gene expression of both m8 and md, however, is
indistinguishable from the Nspl mutant alone (compare Figs.
C with 3D and 3E with 3F). Thus, the number of interme-
iate groups has not become smaller compared to Nspl.
Rather, Ato expression is abolished nearly completely
within the presumptive R8 cells of remaining intermediate
groups due to M8* activity in the course of lateral specifi-
cation.
spl Enhancement by E(spl)D Is Sensitive to
Proneural Gene Doses
The Nspl mutation causes eye roughening due to a dis-
urbed recruitment of photoreceptor cells directly at the
orphogenetic furrow in the eye imaginal disc accompa-
ied by increased cell death (Cagan and Ready, 1989; Baker
t al., 1990; Campos-Ortega and Knust, 1990). E(spl)D could
nterfere either specifically at the level of ommatidial
ssembly or rather unspecifically by somehow increasing
ell death. In the first case, mutations of Notch pathway
omponents might enforce this interaction, and in the
econd case, any mutation affecting eye development might
dd onto this phenotype. Therefore, the effects of E(spl)D on
he split phenotype were analyzed in various genetic back-
rounds, those that are thought to participate in Notch
ignaling and others with known effects on eye develop-
ent and/or morphogenesis (Fig. 4).
No influence on split enhancement was seen by reducing
he gene doses of either wingless or hedgehog or of compo-
ents of the EGF-receptor pathway (flb, S). Also, no effect
as observed in a heterozygous h background, which is
nown to interact with gro (Paroush et al., 1994; Fisher and
audy, 1998). As expected, lowering the gene doses of E(spl)
enes resulted in rescue of split enhancement in line with
he idea that E(spl)D is overactive during lateral specifica-
tion. It has been observed earlier that loss of one scabrous
gene dose results in a nearly complete rescue of split, also in
the absence of E(spl)D (Fig. 4D; see also Baker et al., 1990).
his is in line with a role of Sca protein to inhibit formation
f intermediate groups in front of the morphogenetic fur-
ow, presumably by contributing to Ato repression (Baker et
l., 1996, and references therein). Lower Sca concentrations




411Enhancement of split Involves Proneural ActivityFIG. 3. The Notch pathway activates transcription of E(spl) bHLH target genes within those cells receiving the Notch signal. In the eye
disc, some E(spl) bHLH genes are expressed within the intermediate groups at the morphogenetic furrow in all cells but the founder
photoreceptor cell R8 to prevent them from neural commitment. (A) Expression of m8 in the wild type is qualitatively identical to that in
B) E(spl)D mutant eye discs except for a much stronger staining due to a more stable transcript (Tietze et al., 1992). In accordance with the
xpression pattern, no eye phenotype is seen in mutant adults. (C and E) In Nspl mutant eye discs, the expression is patchy, suggesting that
a lower number of intermediate groups were generated initially in which now lateral inhibition is induced by Notch signaling (m8, C; md,
E; arrowheads point to gaps). (D and F) In combination with one mutant copy of E(spl)D the expression pattern does not change very much,
espite the dramatic enhancement of the spl eye phenotype, suggesting that the E(spl)D mutation does not alter the initial generation ofintermediate groups but rather inhibits the presumptive R8 founder cell from stable neural commitment (m8, D; md, F; arrowheads point
to gaps).
Copyright © 1999 by Academic Press. All rights of reproduction in any form reserved.


























413Enhancement of split Involves Proneural Activitywould translate into less Ato inhibition, so that Ato expres-
sion might reach a critical threshold even in the Nspl
background to promote proneural competence (Baker et al.,
996). In contrast, reduction of either proneural gene
aughterless or atonal to one gene dose causes a dramatic
decrease in the number of ommatidia (Figs. 4E and 4F). Yet,
ato mutations have no effect either on Nspl itself or on
E(spl)D, which is to be expected if the early inductive Notch
ctivity were independent of initial Ato expression. Only in
he Nspl/E(spl)D mutant background, in which Ato expres-
ion within intermediate clusters is already reduced due to
ompromised autoregulation, would the inhibitory effect of
he mutant M8* protein effectively lower Ato activity
elow the critical threshold, and even fewer cells would
ain R8 fate. These results provide evidence that split
nhancement by E(spl)D involves proneural gene activity.
E(spl)D Displays Altered Protein–Protein
nteractions
E(spl) bHLH proteins act as transcriptional repressors
together with the corepressor Gro to inhibit proneural gene
activity (Fisher and Caudy, 1998). The truncation of the
C-terminus in the mutant M8* protein results in the loss of
the Gro-binding site and thus, in a complete failure of Gro
binding (Nagel et al., submitted for publication; Paroush et
TABLE 1
Interactions between E(spl) bHLH Wild-Type and Mutant Proteins
with the Yeast Two-Hybrid System
Mb
B42 fusion
Atonal 110 6 20 12
VP16 fusion
Asense 610 6 170 59
Achaete 1250 6 210 102
Scute 1450 6 120 99
Grouchoa 990 6 70 126
Note. b-Galactosidase activity was measured from three indepen
P16 is a much stronger trans-activator than B42, giving much hi
a Binding of E(spl) bHLH proteins with Groucho is included for c
ombinations of M8* with the proneural proteins, while it has co
FIG. 4. Scanning electron micrographs of flies of the follwing gen
(D) Nspl/1; sca/1; E(spl)D/1, (E) Nspl/1; da/1; E(spl)D/1, (F) Nspl/
Compared with wild type (A), Nspl homozygous females have smal
B). One copy of E(spl)D causes even smaller eyes in heterozygous Nsif one copy of scabrous is lost (D), while loss of one copy of daughterle
ne atonal gene dose (F).
Copyright © 1999 by Academic Press. All rightal., 1994; Alifragis et al., 1997). Therefore, the ability of
8* to abolish Ato expression must involve a different
echanism presumably based on protein–protein interac-
ions, known to occur between different classes of HLH
roteins.
Indeed, in a yeast two-hybrid assay, the mutant M8*
rotein binds significantly more strongly to proneural pro-
eins compared to the wild-type M8 protein and even to the
(spl) bHLH proteins Mb and Mg, which are known to
interact strongly with proneural proteins (Table 1) (Alifragis
et al., 1997). One exception is Daughterless, which is bound
within the range of the wild type (Nagel et al., submitted for
publication). Heterodimerization of M8* with other E(spl)
bHLH proteins is indistinguishable from that of the wild-
type M8 protein (Nagel et al., submitted for publication).
The biggest difference in interactivity between wild-type
and mutant M8* protein is observed with Ac (90-fold).
However, in this case absolute values are still within the
range of Mb. Most notably, the highest increase in binding
activity with regard to any other E(spl) bHLH protein is
observed for Ato: it is bound 30-fold stronger by the mutant
compared to M8 and nearly 10-fold stronger compared to
Mb or Mg (Table 1).
Apparently, the altered protein structure of M8* in the
(spl)D mutation reinforces interactions with proneural pro-
eins, suggesting that the mechanism of split enhancement
Proneural Proteins Were Tested
xA fusion (DNA binding)
M8 M8*
40 30 6 10 900 6 170
120 330 6 90 2440 6 120
270 30 6 10 2760 6 390
180 100 6 40 1190 6 190
70 2250 6 420 0
transformants (Miller units 6 standard deviation). Please note that
values.
arison. Note the severalfold increase of the binding activity in the
tely lost the ability to bind Gro.
s are shown: (A) wild type 1/1, (B) Nspl/Nspl, (C) Nspl/1; E(spl)D/1,
spl)D/ato (original enlargement at left: 1503 and at right 6003).
es of rough appearance, due to irregular spacing of the ommatidia












pl femss augments the phenotype considerably (E), similar to the loss of



















414 Nagel and Preissoccurs at the protein level. Since the number of intermediate
groups remains constant in the E(spl)D mutant even in a Nspl
background, early neural commitment is not affected. This
interpretation is supported by the observation that ectopic
prefurrow expression of M8* has little effect on a wild-type
eye disc (Nagel et al., submitted for publication). In contrast,
misexpression of E(spl) Md in front of the morphogenetic
furrow causes severe pattern defects in the eye, suggesting
that it does interfere with the establishment of intermediate
groups (Ligoxygakis et al., 1998). The effects of E(spl)D, how-
ever, are strictly linked to the Nspl background, which repre-
ents a compromised background for Ato expression. By
inding directly to the Ato protein, M8* disrupts the auto-
egulatory feedback loop, thereby lowering Ato expression
evels throughout the intermediate-group cells and even abol-
shing it in most of the R8 cells.
CONCLUSIONS
As summarized in Fig. 5, the Nspl mutation reduces the
inductive, proneural activity of Notch, which is normally
required to stabilize expression of the proneural gene
atonal (ato). As a consequence fewer intermediate
groups, which serve as reservoir for future R8 cells, arise.
FIG. 5. Neural fate depends on the activity of the proneural gene a
(2), a proneural Notch signal induces ato autoregulation, leading
otch signaling restricts Ato expression within each intermediate
blue) which represses Ato in all but the presumptive R8 cells (red).
ecruiting of further retinula cells. In the E(spl)D mutant, the proc
response to Notch signaling (3), which is even more potent in repre
mutant, deficits in proneural Notch signaling hamper Ato autoreg
drop below the critical values required to gain neural potential indic
of lateral specification (3) and fewer R8 cells that can found new omm
like and fewer cells with proneural potential appear indicated
pecification (3) represses Ato below the levels required to establish R8
scape the inhibition and the number of ommatidia is even further dec
Copyright © 1999 by Academic Press. All rightIn order to maintain neural fate required for subsequent
recruiting of further retinula cells, R8 cells need constant
high levels of Ato, achieved by the ongoing autoregula-
tion. Due to altered protein structure, the E(spl)D mutant
rotein binds more strongly to Ato and thereby hampers
to autoregulation. The deficits of the Nspl mutation are
potentiated by E(spl)D because in the compromised back-
round the already lowered Ato levels now drop in most
resumptive R8 cells below the threshold required to
aintain neuronal fate. As a consequence, the number of
mmatidial founder cells is even further reduced and the
plit eye phenotype is very much enhanced. Nspl influ-
ences also mechanosensory bristle development. Yet,
bristle phenotypes are inconsistent since major bristle
defects on the notum reflect loss of Notch activity, but
those at other locations rather seem to arise from gain of
Notch activity. We cannot exclude that the Nspl mutation
in addition increases Notch activity during the process of
lateral inhibition, however, this is not a necessary as-
sumption to explain the eye phenotypes. It rather seems
that this mutation specifically affects inductive proper-
ties of the Notch receptor and may thus help to unravel
the different mechanisms by which Notch controls de-
velopment.
pression is initiated weakly (1). At the level of intermediate groups
gh levels of Ato protein, necessary for neural fate. Subsequently,
p during lateral specification (3) mediated by E(spl) bHLH activity
ells enter the morphogenetic furrow (MF, 4) to start up ommatidial
s largely normal apart from the mutant M8* protein produced in
proneural activity in non-R8 intermediate group cells. In the Nspl
on at the level of intermediate groups. Thereby, Ato levels might
by gaps (2). As a result, fewer intermediate groups enter the process
ia are released (4). In E(spl)D/Nspl, Ato expression levels are lowered









by gfate due to altered protein interactions. Even fewer R8 cells now
reased (4).
s of reproduction in any form reserved.
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